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The presented fast T1 mapping technique attract T1 (dGEMRIC) even
more for its clinical use and might in future present a valuable tool in the
therapy follow-up after different treatment options with the goal to prevent
or treat osteoarthritis.
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Purpose: Delayed gadolinium enhanced MRI (dGEMERIC) has shown
to be sensitive to the proteoglycan content of the cartilage and requires
intravenous injection of gadopentate dimeglumine (Gd-DTPA) 90mins
before MR imaging. It is unclear, whether measurement of cartilage
morphology (volume and thickness) is affected by Gd-DTPA. Therefore
morphological and dGEMRIC imaging have been performed separately
(before and after Gd-DTPA injection). As it would be logistically easier to
combine these in one single session, we have compared the sensitivity
to change of cartilage morphometry with and without Gd-DTPA.
Methods: 41 participants completed baseline and 24 months follow-up
MR imaging before and after intravenous Gd-DTPA injection. All partic-
ipants displayed K-L grade 2 or 3 in either the anterior posterior or the
Lyon Schuss radiographs acquired at baseline. 1.0mm coronal FLASHwe
MR images were acquired with 3.0T, before and 120mins after Gd-
DTPA injection. Seven experienced readers segmented the medial tibial
(MT), lateral tibial (LT), medial (weight-bearing) femoral (cMF) and lateral
femoral cartilage (cLF), with blinding to the order of acquisition. Cartilage
volume (VC) and mean cartilage thickness over the entire subchondral
bone area (ThCtAB) were computed using proprietary software. ThCtAB
was determined in 5 subregions of the MT and LT, and in 3 subregions
of the cMF and cLF, respectively. Mean change (MC%), SD of change,
standardized response mean (SRM=MC/SD) of ThCtAB were calculated
in these regions, both for the pre- and post GdDTPA image pairs. The
correlation of baseline pre- and post Gd images was calculated using the
Pearson correlation coefﬁcient.
Results: The correlation between pre- and post-Gd cartilage morphology
varied between 0.87 for cartilage volume of the MT and 0.94 for cartilage
thickness (ThCtAB) of the LT. In the absence of Gd-DPTA, a 1.7%
reduction in ThCtAB was observed over 24 months in MT (SRM −0.35;
p< 0.05), but only 0.1% reduction (SRM=−0.02; p = 0.92) in the presence
of Gd-DTPA. In the cMF the rate of change was −1.6% in ThCtAB
(SRM −0.20; p = 0.22) in the pre-, and −0.6% (SRM −0.09, p = 0.58) in
the post Gd-DTPA scans. The rate of change, however, did not differ
signiﬁcantly between pre- and post-GDTP image pairs of MT and cMF.
In LT, changes were −2.0% (SRM=−0.56; p< 0.01) without and −1.4%
(SRM=−0.32; p< 0.05) with Gd-DTPA. In cLF, however, a signiﬁcant
(p< 0.05) decrease in ThCtAB (−1.8% MC, SRM −0.34) was observed in
the post-, but no signiﬁcant change in the pre-Gd-DTPA scans (0.9% MC,
SRM 0.22, p = 0.16). Results of subregional cartilage analysis are shown
in Table 1.
Conclusions: The high correlation between pre- and post-Gd cartilage
morphology at baseline did not translate into a similar sensitivity to
change. Although the differences in longitudinal change for pre- and
post-Gd morphometry were not signiﬁcant, the pre-Gd-DTPA image pairs
tended to show greater change and higher SRMs than the post-Gd-
DTPA images in the medial femoro-tibial compartment of participants with
medial radiographic OA. These results indicate that sensitivity to change
of cartilage morphometry in OA may be diminished by the presence of Gd-
DTPA. Further testing is required, before morphological measurements
can be made on post-Gd images in longitudinal studies.
Table 1: Longitudinal change in (sub)regional cartilage thickness over 24 months
Pre-Gd-DTPA 2h Post-Gd-DTPA
Mean % SRM p-value Mean % SRM p-value
central MT −2.4 −0.32 0.045* −0.7 −0.08 0.608
external MT −4.5 −0.43 0.009** −1.2 −0.14 0.378
central cMF −2.8 −0.28 0.080 −0.9 −0.09 0.550
central LT −3.2 −0.44 0.008** −1.6 −0.23 0.150
external LT −0.0 −0.01 0.949 −0.3 −0.04 0.803
central cLF 0.9 0.18 0.258 −2.4 −0.34 0.036*
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Purpose: While osteoarthritis (OA) is usually considered a non-
inﬂammatory disease process, there is a growing body of evidence
that synovitis is both common and associated with poorer outcomes in
terms of symptoms and structural progression. Synovitis is deﬁned as
inﬂammation of the synovial membrane and is characterized by thickening
and enhancement after administration of i.v. contrast agents. To date,
synovitis in large epidemiological OA studies is assessed on non-contrast-
enhanced (CE) MRI using a surrogate marker of signal changes in Hoffa’s
fat pad (infrapatellar, intercondylar). However signal changes in Hoffa’s fat
pad are a non-speciﬁc ﬁnding and do not reﬂect whole joint synovitis. For
these reasons, we suggest that assessment of synovitis at multiple sites
on CE MRI is a superior measure of localized as well as diffuse synovitis
of the knee joint. The aim of the study is to introduce a new detailed and
reliable scoring system for the assessment of synovitis that covers the
whole knee joint.
Methods: The MOST study is a NIH-funded longitudinal observational
study of individuals who have or are at high risk for knee OA. Subjects are
an unselected subset of the MOST who volunteered for CE MRI. Synovitis
was assessed at 11 sites of the joint: the medial and lateral parapatellar
recesses, suprapatellar, infrapatellar, intercondylar, medial and lateral
perimeniscal, Baker cyst, adjacent to the PCL, ACL and loose bodies.
Synovial thickness was scored semiquantitatively: grade 0 (<2mm),
grade 1 (2−4mm) and grade 2 (>4mm) at each site. Two experienced
musculoskeletal radiologists performed the readings. To assess whole-
knee synovitis, we summed the scores for the 11 sites and categorized
knees as follows: 0−4=normal synovium or equivocal synovitis, 5−8=mild
synovitis, 9−12=moderate synovitis, 13=severe synovitis. Inter- and
intra-reader reliability for each individual site was calculated using kappa
statistics (50 knees for intra- and 50 for inter-reader reliability). In addition
we assessed the association of the summed synovitis scores with the
maximum value of 5 WOMAC knee pain items (none, mild, moderate)
using an ordinal logistic regression model adjusting for age, gender, BMI
and whole knee radiographic OA.
Results: 403 knees (one knee per subject) were included in the analysis
(mean age 58.8 years±7.0, mean BMI 29.5±4.9, 45.7% women). Intra-
reader reliability for the individual sites ranged from 0.70 and 1.00 for
reader 1 and 0.60 to 1.00 for reader 2. Inter-observer reliability ranged
from 0.67 to 0.92. For the summed synovitis score of 11 sites, weighted-
kappa for intra-reader reliability was 0.99 for reader 1, 0.96 for reader
2 and weighted-kappa for inter-reader reliability was 0.98 (Table 1).
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Moderate and severe synovitis showed a signiﬁcant association with the
maximum WOMAC pain score item (adjusted odds ratio of 2.7 and 3.4
respectively, 95% conﬁdence intervals 1.4−5.3 and 1.4−8.6 respectively)
compared to knees with no or equivocal synovitis.
Conclusions: We described a novel comprehensive semi-quantitative
scoring system for the assessment of whole-knee synovitis. The proposed
synovitis assessment is reliable and identiﬁes knees with pain. The
suggested system provides a more comprehensive picture of whole-knee
synovial changes in OA than previous methods do and could be applied
in large epidemiological OA studies.
Table 1: Inter- and intra-reader agreement for individual synovitis sites scores
Feature Intra-reader 1
weighted-kappa
(95%CI)
Intra-reader 2
weighted-kappa
(95%CI)
Inter-readers
weighted-kappa
(95%CI)
Medial parapatellar recess 1.00 (1.00−1.00) 0.70 (0.48−0.92) 0.80 (0.62−0.98)
Lateral parapatellar recess 0.80 (0.60−0.99) 0.93 (0.81−1.00) 0.81 (0.63−0.99)
Suprapatellar 0.92 (0.81−1.00) 0.63 (0.41−0.86) 0.83 (0.69−0.97)
Infrapatellar 0.83 (0.69−0.97) 0.81 (0.60−1.00) 0.78 (0.62−0.93)
Intercondylar 0.80 (0.64−0.96) 1.00 (1.00−1.00) 0.67 (0.50−0.85)
Adjacent to the PCL 0.83 (0.69−0.97) 0.60 (0.34−0.86) 0.70 (0.55−0.86)
Adjacent to the ACL 0.76 (0.53−0.96) 0.95 (0.86−1.00) 0.69 (0.51−0.88)
Medial perimeniscal 0.94 (0.84−1.00) 0.74 (0.57−0.91) 0.91 (0.79−1.00)
Lateral perimeniscal 0.78 (0.61−0.94) 0.75 (0.53−0.96) 0.67 (0.49−0.85)
Adjacent to loose bodies 0.67 (0.10−1.00) 0.00 (0.00−0.00)a 0.73 (0.31−1.00)
Baker cyst 0.85 (0.56−1.00) 0.74 (0.26−1.00) 0.92 (0.77−1.00)
aOnly few knees scored.
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Purpose: Analysis of healthy cartilage and traumatic or degenerative car-
tilage lesions in joints with high congruency and thin cartilage layer, such
as the ankle joint, is technically demanding. The clinical impact of such an
assessment is high since modern surgical therapies require sophisticated
high-resolution magnetic resonance imaging (MRI) in the postoperative
follow-up. Biochemical MR techniques have shown promising results in
the post-operative evaluation of cartilage repair tissue in the knee joint.
Using a new dedicated foot and ankle coil, the purpose of the present
study was to assess quantitative values for T2 and T2* relaxation as well
as Diffusion-Weighted-Imaging (DWI) in healthy volunteers and patients
after matrix-associated autologous chondrocyte implantation (MACI) of
the ankle joint.
Methods: Ten healthy volunteers without known musculoskeletal disease
and no history of trauma or pain (mean age 32.4 years) and twelve
patients after MACI of the ankle joint (8 medial and 4 lateral talar dome)
were included in the study. MRI was performed at a 3.0 Tesla MR scanner
using a new eight-channel foot-and-ankle imaging coil with a high reso-
lution and a small ﬁeld of view. Sequences optimized for high-resolution
ankle cartilage imaging at 3.0T were a Proton-Density Fat-Suppressed
Turbo-Spin-Echo (PD FS TSE) sequence and an isotropic 3D-True Fast
Imaging with Steady-State Precession (True-FISP) sequence for mor-
phological imaging, a 2D multi-echo spin-echo sequence for standard
biochemical T2 mapping, a 3D gradient-echo for T2*-mapping and a 3D
partially balanced, steady-state gradient-echo pulse sequence with and
without diffusion weighting for DWI. For all sequences inplane resolution
was 0.3×0.3mm; total scan time was 45 minutes. T2, T2*, and DWI
values were assessed using a Region-of-interest (ROI) analysis within
the medial talar dome for all volunteers. In patients after MACI, healthy
control cartilage as well as cartilage repair tissue was identiﬁed using the
morphological MR sequences; T2, T2*, and DWI values were assessed
by a corresponding ROI analysis. Statistical analysis was performed.
Results: Quantitative assessment of hyaline cartilage of healthy vol-
unteers (T2: 51.1±4.6ms; T2*: 16.6±3.7ms; DWI (diffusion constant):
1.27±0.16) and healthy seen control cartilage sites in patients after
MACI (T2: 48.4±7.5ms; T2*: 16.1±4.1ms; DWI: 1.28±0.17) showed
no signiﬁcance difference (p 0.05). Within the cartilage repair tissue
T2 and T2* values showed similar results with no signiﬁcant difference
(T2: 49.3±6.6ms (p = 0.767); T2*: 16.9±4.2ms (p = 0.505)), whereas DWI
showed a signiﬁcant increase (1.49±0.32 (p = 0.039)).
Conclusions: In our study the assessment of biochemical T2 and T2*
relaxation times as well as DWI values could be was performed in-vivo
with high resolution in a clinical feasible scan time, thus demonstrating
new possibilities in the evaluation of articular cartilage within the an-
kle joint. With biochemical MR technique, valuable parameters for the
follow-up of cartilage repair and for the characterization of the cartilage
repair tissue could be gained. As lesions of talar cartilage may lead to
osteoarthritis and thus reduced quality of life, sophisticated evaluation of
this thin cartilage layer will be important for future patient care.
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Purpose: The purpose of the current study was to implement a three-
dimensional isotropic fast T1 mapping sequence for delayed Gadolinium
enhanced MRI of Cartilage (dGEMRIC) in order to assess the radial
distribution of glycosaminoglycans (GAG) in the hip among patients with
varying degrees of osteoarthritis.
Methods: Thirty-ﬁve symptomatic hips in 35 patients presenting with
none to moderate radiographic evidence of arthritis in the hip were
imaged using a 3D isotropic fast T1 mapping dGEMRIC sequence (TR
15msec, TE 3.27msec, ﬂip angles of 4.1 and 23.5 deg., Matrix size
192/192, 16 cm FoV, voxel size 0.8×0.8×0.8mm) and a previously vali-
dated fast T1 mapping dGEMRIC sequence (voxel size 0.6×0.6×4mm)
for comparison. Correlation between coronal plane dGEMRIC indices,
measured by both sequences, was assessed using Pearson’s linear
regression. Following sequence validation, 3D image data was recon-
structed into 9 radial slices spaced 30 deg. apart and oriented orthog-
onally to the acetabular opening (excluding the fossa) (Fig. 1). In each
slice, a dGEMRIC index was calculated as the mean T1 of the acetabular
and femoral cartilage between the vertical center and peripheral edge of
the joint, excluding the labrum. Patterns of dGEMRIC index distribution
across the 9 radial positions from anterior-inferior (1) to superior (5)
to posterior-inferior (9) were compared for hips with varying amounts
of arthritis. In 10 patients, the correlation between morphological score
of cartilage damage (radial segments were classiﬁed as normal, visible
signal intensity, and severe on standard MRI) and radial dGEMRIC index
was assessed using Spearman’s linear regression.
Figure 1.
